Abstract-Over the past 15 years, large scale construction of medium-rise buildings, built using Low Ductility Reinforced Concrete (LDRC) wall, have been commonplace in Peru. These walls do not have boundary columns and have a small quantity of reinforcing bars at each end, therefore is expected to fail in flexural mode. From past studies, where a retrofitting method was proposed by using Carbon fibEr Sheet (CFS) over the LDRC wall, it was verified that CFS delays the concrete crushing of the wall base that occurs during flexural failure and that deformation capacity was improved. In order to verify the confinement effect of the carbon fiber sheet over the concrete, an experiment was conducted using concrete samples with CFS by changing the size, shape and amount of CFS layers. In total, 39 concrete samples were tested under compressive loading (monotonic and cyclic). From the experiment, it was confirmed that deformation performance improved and the strength of the concrete was increased due to the confinement. However, it should be noted that the stress-strain relationship of concrete with CFS depends on the shape of the concrete sample. Index Terms-reinforced concrete, carbon fiber sheet, confinement effect
I. INTRODUCTION
Over the last 15 years, large scale construction of medium-rise buildings have been commonplace in Peru that use low ductility reinforced concrete walls, with rectangular cross-sections, reinforced with wire mesh and additional vertical reinforcing bars at boundary ends [1] . These walls do not have boundary columns and have only a small quantity of reinforcing bars at each end, therefore is expected to fail in flexural mode.
Two experiments were conducted on Low Ductility Reinforced Concrete (LDRC) wall with and without Carbon Fiber Sheet (CFS) as a retrofitting method. The first experiment was conducted in 2013 at the Toyohashi University of Technology (TUT) on three LDRC walls [2] , the first wall was without CFS reinforcement, the second wall was wrapped completely with CFS and the third wall was wrapped with CFS at the edges only. The second experiment was conducted in 2014 at TUT on three LDRC walls, following the same retrofitted pattern of the first experiment but with partial retrofitting with CFS to a specified height.
From those tests, it was verified that the carbon fiber sheets delay the concrete crushing of the wall base that occurs during the flexural failure and that deformation capacity was improved. Moreover, during the test with the retrofitted walls it was observed that the crushing of the concrete produces bulges at the base corners of the wall. Additionally, when the maximum strain on the CFS is reached, the carbon fiber sheet over the crushed concrete area fails suddenly.
In order to verify the confinement effect of the carbon fiber sheet that covers the concrete, a third experiment was conducted in 2015 at TUT using concrete samples with and without CFS, by changing the size, shape and amount of CFS layers. Characteristics of the specimens were decided following Lam and Teng's research [3] - [5] and Nakatsuka's research [6] , further studies will focus on the stress-strain relationship of the CFS confined concrete.
II. OUTLINE OF THE TEST

A. Specimens
In total, 39 concrete samples were tested under compressive loading (monotonic and cyclic). The specimens have three kinds of cross section shapes: circular (C), square (S) and rectangular (R); the ratio of each specimen corresponds to the ratio of , where b, w and h are the thickness, width and height of the specimen respectively. Table I shows the dimensions  and quantities of each specimen. 29 specimens were retrofitted using carbon fiber sheet wrapped over the lateral surface of the specimen by using chemical epoxy. Table II shows the materials properties of the different carbon fiber sheet used to retrofit the concrete samples. Where  f , is the density per unit of area of CFS, t, is the thickness of CFS, E f , is the young modulus of CFS,  fu , is the ultimate tensile strength of CFS and  fu , is the ultimate tensile strain of CFS.
(CFS-3). Finally, 2 specimens where retrofitted by fixing the CFS with steel plates and bolts.
Each specimen was allocated a code which represents the geometry of the specimen, type of CFS and special conditions. (See Table III ). Table II) Y : Specimen ratio (See Table II) W : Type of CFS (See Table I Table IV shows the type of loading for each specimen and condition 
C. Measuring Method
The vertical displacement of the concrete along the compressive direction was measured using displacement transducers for all the specimens, as is shown in Fig. 3 . In the case of the retrofitted specimens with CFS, the horizontal strain of the CFS was measured using strain gauges. Specimens with CFS and strain gages are shown in Fig. 4 . Fig. 7 shows specimens C2-0 and C2-0C (concrete only) corresponding to the monotonic curve and cyclic curve respectively; the monotonic curve follows the shape of the envelope of the cyclic curve. In the same way, Fig. 8 shows the good match between specimens C2-3 and C2-3C corresponding to the monotonic curve and cyclic curve respectively. During the failure mode with the circular shaped specimens (C2) retrofitted with CFS a sudden failure occurs when maximum strength is reached. This can be explained as the deformation of the concrete applies about the same level of stress on the CFS. Fig. 9 shows the failure sequence: (a) shows the state of the specimen before reaching the maximum strength, (b) shows the state of the specimen when the maximum strength is reached; after this, the strength drops suddenly (c) shows the remaining core of concrete and (d) shows the state of the specimen after the crushing of concrete. Fig. 12 corresponds to the specimens S12 under cyclic loading, specimen S12-0C (concrete only) and specimen S12-3C with CFS. The contribution of the CFS confinement can be observed by increasing the maximum strain, but not the maximum strength, which remains about the same. Fig. 13 shows a slight discrepancy in terms of the maximum strength between the monotonic curve (S12-0) and the cyclic curve (S12-0C), where specimen S12-0 has a lower strength than specimen S12-0C.
B. Square Shape
On the other hand, Fig. 14 shows the comparison between the monotonic curve (Specimen S12-3) and the cyclic curve (Specimen S12-3C), where specimen S12-3 has a greater strength than specimen S12-3C. Figure 10 . Stress-strain of concrete -Specimen S12 under monotonic loading. 
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Fig. 10 and Fig. 11 correspond to the specimens S12 and S13 respectively, under monotonic loading. Both, Fig.  10 and Fig. 11 show a discrepancy in terms of the maximum strength of the concrete between the nonretrofitted sample and the sample retrofitted with CFS; where specimens with CFS have a higher maximum strength than the non-retrofitted specimen. Table VI shows the maximum strength and maximum strain for each specimen, S12 and S13, under monotonic and cyclic loading. In the failure mode with the square shaped specimens (S12 and S13) retrofitted with CFS, a two-step failure occurs; due to the stress on the CFS concentrated at the rounded corners of the specimen. Fig. 15 shows the failure sequence: (a) shows the state of the specimen before reaching the maximum strength, (b) shows the state of the specimen after the maximum strength is reached, the strength decreases and the strain deformation capacity is improved, (c) shows the state of the specimen when CFS fails first at one corner releasing partially the confinement provided by CFS and (d) shows the state of the specimen when the CFS fails at the opposite corner. This study will consider the stress-strain relationship until the first CFS failure. Specimens R22 and R33, in Fig. 16 and 19 respectively, shows a relatively close maximum strength in all of the specimens. However, Fig. 17, 18 , 20 and 21, corresponding to specimens R23, R32, R42 and R43, show a discrepancy in terms of the maximum strength. The failure mode of rectangular shaped specimens (R22, R23, R32, R33, R42 and R43) retrofitted with CFS fails in a similar way to the square shaped specimens.
C. Rectangular Shape
IV. ANALYSIS OF THE RESULT
From the test result, the effect of the parameters such as the shape effect, the amount of CFS, the chamfer radius, the Young Modulus of the CFS and the usage of bolts for fixing the CFS is studied in this research. Fig . 22 shows the effect of the amount of CFS used to confine the concrete samples, specimens C2 has an important contribution in terms of maximum stress, strain at maximum stress and maximum strain, while for square and rectangular shaped specimens, the maximum stress and strain at maximum stress remains at about the same values with a slight discrepancy. Specimens C2, S12, S13, R23, R32, R42 and R43 show an increment of the maximum strain according to the amount of CFS. The clear contribution of CFS on circular shaped specimens in terms of maximum stress, strain at maximum stress and maximum strain, occurs because the stress over the CFS tend to be uniform in case of circular shaped specimens unlike square and rectangular shaped specimens where the stress over the CFS is concentrated at the rounded corners. Fig. 23 shows the effect of the radius R at the rounded corners of the square and rectangular shaped specimens tested, by comparing specimens with R=30mm and R=15mm, it can be observed that a larger radius helps to increase the maximum stress, the strain at maximum strain and the maximum strain. This occurs because the stress of CFS at the rounded corners of specimens of R=30mm has improved stress distribution in comparison with specimens of R=15mm. 24 shows the effect of the Young Modulus of CFS-2 (249000MPa) and CFS-3 (444000MPa) and its corresponding ultimate strain 1.88% and 0.73% respectively, where it displays an important contribution in terms of the maximum strain. This can be explained because CFS-2 has a larger ultimate strain than CFS-3.
Therefore, CFS-3 has a brittle behaviour in comparison with CFS-2. For circular shaped specimen, the Young Modulus of CFS-2 shows an improved maximum strength and an improved strain at maximum stress, while for square shaped specimen remains about the same values. . 25 shows the effect of using bolts to fix the CFS to the rectangular specimens. It can be seen that the maximum stress remains about the same in both cases; the strain at maximum stress is improved without bolts, however the maximum strain is improved when bolts are used in specimen R42, this may happen because of the axial contribution of the steel plates attached to the specimens for fixing the bolts during the last stage of the test.
V. CONCLUSION
 Stress on the CFS in circular shaped specimens is distributed similarly on the CFS, while for square and rectangular shaped specimens the stress on the CFS is concentrated at corners.  Carbon fiber sheet reinforcement increases the strain deformation capacity in all of the specimens.  For rectangular shaped specimens, a larger chamfer radius helps to improve the maximum strain.  Maximum strain of the specimens retrofitted with CFS is proportional to the ultimate strain of the CFS.  Using bolts for fixing the CFS to the concrete sample does not have an important contribution in terms of maximum stress.
